The product of the obese (06) gene, leptin, is a secreted protein that is important in the regulation of body weight. Mice with mutations in the ob gene are obese and diabetic and manifest reduced physical as well as metabolic activity. In this study, we tested the possibility that mutations in the OB gene may contribute to human obesity. We report the isolation and partial sequence of the human OB gene and the screening of 105 obese patients for mutations in the protein coding sequence using the technique of single-strand conformational polymorphism. No coding sequence polymorphism was found, suggesting that mutations in the coding sequence of the OB gene do not constitute a common cause of increased body weight in humans. We also identified a highly polymorphic simple dinucleotide repeat DNA polymorphism in this gene that will be useful for genetic studies. Diabetes 45:679-682, 1996 O besity is a major public health problem in Western societies that affects ~33 percent of the American population. Increased body weight significantly contributes to morbidity and mortality because it is often associated with NIDDM, hypertension, and dyslipoproteinemias (1,2). The molecular mechanisms that control body weight are emerging (3). Familial aggregation of obesity, higher rates of concordance among monozygotic than among dizygotic twins, differences in frequency among different races, and a heritable obesity in animal models indicate that genetic factors affect the physiological system that controls eating behavior and energy expenditure (2,4-6). Recently, the obese (pb) gene was isolated by positional cloning (7). The ob gene product is a 167-amino Received for publication 27 December 1995 and accepted in revised form 18 January 1996.
The product of the obese (06) gene, leptin, is a secreted protein that is important in the regulation of body weight. Mice with mutations in the ob gene are obese and diabetic and manifest reduced physical as well as metabolic activity. In this study, we tested the possibility that mutations in the OB gene may contribute to human obesity. We report the isolation and partial sequence of the human OB gene and the screening of 105 obese patients for mutations in the protein coding sequence using the technique of single-strand conformational polymorphism. No coding sequence polymorphism was found, suggesting that mutations in the coding sequence of the OB gene do not constitute a common cause of increased body weight in humans. We also identified a highly polymorphic simple dinucleotide repeat DNA polymorphism in this gene that will be useful for genetic studies. Diabetes 45:679-682, 1996 O besity is a major public health problem in Western societies that affects ~33 percent of the American population. Increased body weight significantly contributes to morbidity and mortality because it is often associated with NIDDM, hypertension, and dyslipoproteinemias (1, 2) . The molecular mechanisms that control body weight are emerging (3). Familial aggregation of obesity, higher rates of concordance among monozygotic than among dizygotic twins, differences in frequency among different races, and a heritable obesity in animal models indicate that genetic factors affect the physiological system that controls eating behavior and energy expenditure (2, (4) (5) (6) . Recently, the obese (pb) gene was isolated by positional cloning (7) . The ob gene product is a 167-amino acid secreted protein from adipose tissue and is mutated in ob/ob mice. Recombinant ob protein (leptin) causes a reduction in body weight, body fat, food intake, serum glucose, and serum insulin and an increase in metabolic and physical activity when administered daily into ob/ob mice (7) (8) (9) . These data strongly suggest that the ob gene product plays an important role in the regulation of body weight and fat deposition.
In the present study, we have tested the hypothesis that mutations in the OB gene are associated with human obesity. We report the structure and partial sequence of the human OB gene and describe the screening of 105 obese/diabetic patients for mutations using the technique of single-strand conformational polymorphism (SSCP) analysis. Because no mutations in the coding sequence were identified, we also report a highly informative microsatellite DNA marker in the human OB gene. This may be useful in future genetic studies to evaluate possible linkage of the human OB gene to an obese phenotype.
RESEARCH DESIGN AND METHODS
General methods. Standard methods were carried out as described previously (10) . DNA sequencing was done by the dideoxynucleotide chain termination procedure after subcloning appropriate DNA fragments into M13mpl8 or M13mpl9. Sequences were confirmed on both strands. Isolation of human genomic OB clones. A human male genomic library in PI (GenomeSystems, St. Louis, MO) was screened using oligonucleotides lexHOB-F (5'-GGGAAGGAAAATGCATTGG-3') and lex-HOB-R (5'-TGTGAAATGTCATTGATCCTGG-3'), which amplifies a 150-bp fragment. Three clones were obtained and called HOB-P1-3280, -3281, and -3282. Isolation of a dinucleotide repeat polymorphism in the human OB gene. One microgram of DNA from HOB-P1-3280 was digested with Sau3M and shotgun cloned into M13mpl8. Plaque lifts were performed and hybridized with a 32 P-labeled (CA) 6 oligonucleotide. Clones showing strong hybridization signals were sequenced. Chromosomal mapping of the OB microsatellite marker using a human/hamster somatic cell hybrid panel. The chromosomal localization of the dinucleotide repeat polymorphism in the human OB gene was determined using polymerase chain reaction (PCR) DNA from a somatic cell hybrid mapping panel (Bios, New Haven, CT) and PCR with oligonucleotide primers GTF2 and GTR2. Amplification of a microsatellite DNA polymorphism. A (CA) n dinucleotide repeat polymorphism was identified in PI clone HOB-P1-3280 of the human OB gene. Two oligonucleotides (GTF2, 5'-TGGGT-GACCCCTGGAG-3', and GTR2, 5'-AGTAGAGGAGCTTACAGCCT-3') were used to amplify a 99-to 119-bp fragment. PCR was performed using 32 P-labeled GTR2 and unlabeled GTF2. DNA was denatured at 94°C for P]dCTP (3,000 Ci/mmol; 1 Ci = 37 GBqj Amersham) and 1 U Taq DNA polymerase. The PCR conditions were initial denaturation at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min, with a final extension of 10 min. The amplified products were diluted 1:5 in formamide buffer, denatured at 95°C for 5 min, quick-cooled, and electrophoresed on glycerol-free and 10% (vol/vol) glycerol containing 40-cm nondenaturing 5% polyacrylamide gel (acrylamide/AfAf'-methylene bisacrylamide, 24:1 [wt/vol]) at room temperature and/or 4°C. The gels were electrophoresed at 6-20 W for 4-7 h, dried, and autoradiographed overnight at -80°C with intensifying screens.
Sequencing of PCR products. Abnormal SSCP conformers were cut out from dried polyacrylamide gels. DNA was eluted in water overnight, reamplified, cloned into the Hindi site of pGEM3Z, and sequenced. Study population. The study group of 105 subjects consisted of 5 groups: 1) 17 anonymous patients living in the New York area with diverse ethnic backgrounds (average BMI 38.0 ±3.1 kg/m 2 ); 2) 22 Pima Indians (11 female and 11 male), members of the Gila River Indian Community, who were selected as extremely obese among 874 subjects participating in prospective studies of the development of NIDDM and its complications (11) (average BMI 49.7 ± 6.6 kg/m 2 and 58 ± 9.9 kg/m 2 for male and female patients, respectively); 3) 20 pediatric patients living in the Boston area (ages 3-16 years) who were >60% over their ideal body weight; 4) 26 obese subjects from the Island of Kosrae in Micronesia (average BMI 43.8 ± 2.6 kg/m 2 ); and 5) 20 unrelated early-onset NIDDM patients in whom obesity was not a dominant phenotypic feature.
RESULTS
Isolation of the human OB gene. Three human OB clones (HOB-P1-3280, -3281, and -3282) were isolated by screening a human genomic PI library (Genome Systems). The gene TCCGACATTC GAGGAGATGA AATCCTGTG structure and partial sequence was obtained using specific oligonucleotides based on the previously published human cDNA sequence (GenBank accession number HSU-18195) (7). The 167-amino acid coding sequence of the human OB gene is encoded on two exons that are separated by ~2.9 kb of intronic sequences (Fig. 1) . The exon-intron organization of the obese gene is highly conserved between human and mouse, with an identical position and a similar length of the intron (B. Moon, unpublished observations). SSCP analysis of obese subjects. The two exons that contain the entire coding sequence of the human 167-amino acid open reading frame of the OB protein were amplified using three different sets of oligonucleotide pairs. The amplification products contained the donor/acceptor consensus splicing sites of exon 1/2. Exon 2 contains 357 bp of coding sequence and was amplified by generating two overlapping fragments (Fig. 1 , Table 1 ). The primers used allow characterization of the entire sequence. The fragments of all three amplification products were <250 bp in size, and all three products demonstrated unique migration patterns after electrophoresis. DNA from 105 obese patients were screened for mutations using these primer pairs under conditions reported to be >90% sensitive for detecting single-base substitutions (12) . An abnormal conformer was detected in one patient, and sequencing revealed a silent mutation in codon 25 [CAA(Gln) to CAG(Gln)] that was not seen in any other patient. No other polymorphisms were identified. Characterization of a dinucleotide repeat DNA polymorphism. The human genomic OB clone HOB-P1-3280 was digested with Sau3Al and subcloned into M13mpl8. Recombinant plaques were screened for the presence of simple tandem repeat DNA polymorphisms such as (AC) n by hybridization with 32 P-labeled oligonucleotide (AC) 7 . One clone that gave a strong positive hybridization signal was se- quenced, and an imperfect dinucleotide repeat sequence of the form (TG) 6 CATATTT(GT) 19 was identified. Oligonucleotide primers flanking this repeat element were selected (Fig.  2 ) and used to amplify this sequence in unrelated whites and African-Americans. This sequence was polymorphic, and eight and ten alleles were observed in whites and AfricanAmericans, respectively ( Table 2 ). The heterozygosity (i.e., the fraction of individuals in whom the two alleles at this locus differed in size) was 5:0.77, indicating that this polymorphism will be very useful for linkage studies.
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To localize this polymorphism (and to rule out contaminated sequences from chimeric PI clones), we analyzed the segregation of the PCR amplification product in DNA samples prepared from a panel of human-hamster somatic cell hybrids retaining different human chromosomes. These studies showed that this polymorphism was located on human chromosome 7, which is in agreement with the chromosomal location of the OB gene in humans (13) . The polymorphism was also present on all three independently isolated genomic OB-PI clones (HOB-P1-3280, -3281, -3282), indicating that the dinucleotide repeat sequence is located in the region of the human OB gene.
DISCUSSION
Recent studies strongly suggest that leptin, the obese gene product, plays an important role in the regulation of eating behavior and energy expenditure (7) (8) (9) . Since mutations in ob cause obesity and diabetes in mice, we have screened a group of 105 obese and/or diabetic patients of various ethnic backgrounds. Our results indicate that mutations in the coding sequences of OB are not a common cause of obesity in humans, a conclusion reached in a similar study of a small number of obese subjects (14) . The primers flanking the coding sequence published in this paper may prove useful for more comprehensive screening for mutations in the encoded protein. This study does not rule out the possibility of sequence variation in noncoding, i.e., regulatory elements, of the OB gene, which might be important for the quantitative expression of OB. The highly informative DNA polymorphism in the human OB gene will be useful for populationassociation and family-based linkage studies to address this possibility.
